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CLAIMS: 

1. A method of treating NOx emissions in the exhaust gas of an intemal 
combustion engine having catalyst means including at least a first catalyst 
converter capable of treating NOx, the method including operating the engine in a 
first mode to promote a first set of conditions and in a second mode to promote a 
second set of conditions, wherein the first mode of operation includes operating 
the engine with a lean air-fuel ratio, and the second mode of operation includes 
operating the engine with a stoichiometric air-fuel ratio, the method further 
including controlling the operation of the engine during the first mode so as to 
promote a selective catalyst NOx reduction process at the first catalytic converter, 

2. A method according to claim 1 , wherein the first set of conditions include 
exhaust gases at a relatively low exhaust gas temperature. 

3. A method according to claim 2, wherein the exhaust gas temperature is in 
the range of 200 to 400 degrees Celsius. 

4. A method according to any )ne of claims 1 to 3, wherein the second set of 
conditions include exhaust gases eta relatively high exhaust gas temperature. 

5. A method according to claim 4, wherein the exhaust gas temperature is 
greater than 200 degrees Celsius. 



6. A method according to claim 5, wherein the exhaust gas temperature is 
greater than 400 degrees Celsius. 



> 7. A method according tc 
^O?' exhaust gas temperature at ti^ 



any one of claims 2 to 6, including measuring the 
e first catalyst converter. 



8. A method according to claim 1, including controlling the temperature of the 
exhaust gas temperature of the engine by appropriate operation of the engine to 
ensure effective operation of the first catalyst converter under the first mode of 
operation. 
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9. A method according to claim 8, including controlling the exhaust gas 
temperature to be in the range of 200 to 400 degrees Celsius. 




10. A method according to 
of the exhaust gas tempera 



claim 1 ,8 or 9, including controlling the temperature 
ure of the engine by appropriate operation of the 
engine to ensure effective < peration of the first catalyst converter under the 
second mode of operation. 



m 
m 



11. A method according to claim 10, including controlling the exhaust gas 
temperature to be greater than approximately 400 degrees Celsius. 




12. A method according to 
operation of the engine is 
exhaust gas emissions having 
of NOx conversion within the fi 



any one of the preceding claims, wherein the 
contrDlled during the first mode so as to generate the 
c haracteristics that can support acceptable levels 
catalyst converter. 



first 



13. A method according to 
catalyst converter includes a 



14. A method according to ajiy 
converter Includes a comblnatlch 



ahy one of the preceding claims, wherein the first 
coinbination of Pt, Rh and Ba elements. 



one of claims 1 to 13, wherein the first catalyst 
of Pd, Rh and Ba elements. 



15. A method according to claim 13, wherein the proportion of Pt is greater 
than for a typical three way catalyst. 




16. A method according to claim 14, wherein the ratio of Pt to Rh is 10:1 . 

17. A method according to c aim 13, 15 or 16, wherein the proportion of Ba in 
^pXhe first catalyst converter is re atively low as compared to the proportions of Pt 

and Rh. 

\ 
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18. A method according to 



any one of the preceding claims, including 
controlling the operation of the € ngine during the second mode so as to promote 
high NOx conversion efficiency levels within the first catalytic converter. 

19. A method according to claim 18, including operating the engine in the first 
mode when the sensed temperature is between 200 to 400 degrees Celsius, and 
operating the engine in the second mode when the sensed temperature is greater 
than 400 degrees Celsius. 



J 



•^20. A method according to any c ne of the preceding claims, wherein the first 
. u>j!catalyst converter is provided in he exhaust system at a position sufficiently 

) prior to the exhaust gas entering th€ 



downstream of the engine such thlat there is some cooling of the exhaust gas 



first catalyst converter. 



21 . A method according to claim 20, wherein the catalyst means includes a 
second catalyst converter provided in a close coupled configuration with the 
engine for the purpose of oxidising hydrocarbon and carbon monoxide emissions 
in the exhaust gas. 



to all 



22. A method according 
catalyst converter is a three way 

23. A method according to 
engine is directed injected. 



ly one of the preceding claims, wherein the first 
catalyst. 



any one of the preceding claims, wherein the 



24. A method according to claim 23, wherein the engine has a two fluid fuel 
injection system. 

25. An engine exhaust system for treating NOx emissions in the exhaust gas 
of an Internal combustion engine, Including catalyst means having at least a first 
catalyst converter capable of treating NOx, wherein the engine exhaust system is 
adapted to at least selectively reduce a portion of the NOx emissions when the 
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engine is operated in a first mode and a first set of conditions are promoted, and 
the first mode of operation includes operating the engine with a lean air-fuel ratio. 



26. An engine exhaust system as claimed in claim 25 wherein the engine 
exhaust system Is adapted to reduce NOx emissions with high conversion 
efficiency when the engine is operated in a second mode of operation and a 
second set of conditions are promoted wherein said second mode is a 
substantially stoichiometric air fuel riatio. 




27. An engine exhaust system 
injection engine whereby said firs 



as claimed in claim 25 or 26 for use with direct 
mode of operation is promoted. 




28. An engine as claimed in claim 27 wherein said direct injection engine 
utilises an air assisted direct injection fuel system. 

29. An engine exhaust syst€ m according to any one of claims 25 to 28, 
^wherein the first catalyst converter includes a combination of Pt, Rh and Ba 

elements. 



30. An engine operating 
wherein the first catalyst 
elements. 



system according to any one of claims 25 to 28, 
converter includes a combination of Pd, Rh and Ba 



31 . An engine exhaust system according to claim 29, wherein the proportion of 
Pt is greater than for a typical three way catalyst. 



Of- 



32. An engine exhaust system according to claim 31 , wherein the ratio of Pt to 
Rh is 10:1. 

33. An engine exhaust system i iccording to claim 29, 30 or 31 , wherein the 
'^Vproportion of Ba in the first catalyst converter is relatively low as compared to the 



proportions of Pt and Rh. 
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An engine exhaust system e ccordlng to any one of claims 25 to 32, 
including a temperature sensing de\ ice provided In the exhaust system of the 
engine for measuring the exhaust gas temperature. 

35. An engine exhaust system according to claim 34, wherein the temperature 
sensing device Is located at the first catalyst converter. 

36. An engine exhaust system acc< rding to claim 34 or 35, wherein the engine 
Ih* Is operated In the first mode when the sensed temperature Is between 200 to 400 
p degrees Celsius, and the engine Is operated In the second mode when the 
^.i^f^ensed temperature Is greater than 4C 0 degrees Celsius. 

37. An engine exhaust system accor jing to any one of claims 25 to 36, wherein 
the first catalyst converter is provided in the exhaust system at a position 
sufficiently downstream of the englns such that there is some cooling Of the 
exhaust gas prior to the exhaust gas entering the first catalyst converter. 

38. A method according to claim 37, wherein the catalyst means Includes a 
second catalyst converter provided In, a close coupled configuration with the 
engine for the purpose of oxidising hydrocarbon and carbon monoxide emissions 
in the exhaust gas. 



'/^9. A method according to any 
^ catalyst converter Is a three way cataMyst 



one of claims 25 to 38, wherein the first 



40. An electronic control unit for controlling an internal combustion engine 
having catalyst means Including at least a first catalyst converter capable of 
treating NOx, the electronic control unit operating the engine In a first mode to 
promote a first set of conditions and in a second mode to promote a second set of 
conditions, wherein the first mode of operation Includes operating the engine with 
a lean air-fuel ratio, and the second mode of operation Includes operating the 
engine with a stoichiometric air-fuel ratio to thereby treat NOx emissions In the 
exhaust gas of the engine, the electronic control unit further operating the engine 
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during the first mode so as to promote a selective catalyst NOx reduction process 
at the first catalytic converter. 

41 . An internal combustion engine for use with an exhaust treatment system 
having reversible NOx adsorbent capability, said engine having a fuel injection 
system which facilitates operation of said engine with a plurality of air fuel ratios in 
a range between lean and rich and said engine having an electronic controller for 
controlling operation of said engine and for selecting between said air fuel ratios 
wherein said selection is not directly dependent on the amount of NOx stored or 
calculated to be stored in said exhaust treatment system, and wherein exhaust 
emissions generated by said engine at a substantially stoichiometric air fuel ratio 
and transmitted to said exhaust treatment system operate to purge NOx stored In 
said exhaust treatment system over a Euro 3 drive cycle. 



42. An internal combustion engine as claimed in claim 41 wherein said 
selection between said air fuel ratios by said electronic controller is independent 
of the amount of NOx stored or calculated to be stored in said exhaust treatment 
system. 




43. An internal combustion engine > 
at least some of the NOx stored in 
therefrom in response to 
toichiometric or rich air fuel ratio 



as claimed in claim 41 or claim 42 wherein 
said exhaust treatment system is purged 
operation of the engine with a substantially 



44. An internal combustion engine 
at least some of the NOx stored ir 
therefrom in response to operation 
ratio. 



45. An internal combustion engine 



as claimed in claim 41 or claim 42 wherein 
said exhaust treatment system is purged 
Df the engine with a stoichiometric air fuel 



as claimed in any one of claims 41 to 44 



wherein said selection is at least in part dependent on engine load demand. 
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46. An internal connbustion engine! as claimed In any one of claims 41 to 43 
wherein exhaust emissions generated by said engine at a substantially 
stoichiometric or rich air fuel ratio and transmitted to said exhaust treatment 



system operate to purge NOx stored in 



said exhaust treatment system. 



wherein exhaust emissions generated 



47. An internal combustion engine as claimed in any one of claims 41 to 43 



)y said engine at a stoichiometric air fuel 



ratio and transmitted to said exhaust treatment system operate to purge NOx 
stored in said exhaust treatment system. 

48. An internal combustion engine b s claimed in any one of claim 46 wherein 



exhaust emissions generated by said 



( mgine at a substantially stoichiometric air 



fuel ratio and transmitted to said exhai st treatment system operate to purge NOx 
stored in said exhaust treatment syster i over a Euro 4 drive cycle. 



49. An internal combustion engine 
wherein the amount of NOx emitted 
system over a Euro III drive cycle 
requirement. 



as claimed in any one of claims 41 to 48 
3y said engine to said exhaust treatment 
s no more than four times the Euro III 



50. An internal combustion engine as claimed in claim 49 wherein the amount 
of NOx emitted by said engine to said exhaust treatment system over a Euro III 
drive cycle is no more than three times the Euro III requirement. 

51. An internal combustion engine as claimed in any one of claims 41 to 50 
wherein the amount of carbon monoxide emitted by said engine to said exhaust 
treatment system over a Euro III drive fycle is no more than three times the Euro 
III requirement. 



52. An internal combustion engine as claimed in any one of claims 41 to 51 
wherein the amount of hydrocarbons emitted by said engine to said exhaust 
treatment system over a Euro III drive cyple is no more than ten times the Euro III 
requirement. 
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53. An internal combustiort engine as claimed in any one of claims 41 to 52 
^V^wherein said engine is a direc^injection gasoline engine 

54. An internal combustion lengine as claimed in any one of claims 41 to 53 
wherein said engine is a dual fluid direct injection engine. 

55. An internal combustion ertgine and exhaust treatment system for a vehicle, 
l^i* said exhaust treatment system having reversible NOx adsorbent capability, said 
!i engine having a fuel injection system which facilitates operation of said engine 
\1 with a plurality of air fuel ratios in a range between lean and rich and said engine 
|l having an electronic controller for controlling operation of said engine and for 

selecting between said air fuel ratios wherein the amount of NOx emitted by said 
engine to said exhaust treatment system over a Euro III drive cycle is no more 
than four times the Euro III requirement whereby said exhaust treatment system 
p. has emissions of NOx, carbon monoxide and hydrocarbons less than said Euro III 
d requirement over said Euro III drive cycle: 

m 

56. An internal combustion engine and exhaust treatment system for a vehicle 
as claimed in claim 55 wherein said selection of air fuel ratio by said electronic 
controller is independent of the amount of NOx stored in said exhaust treatment 
system. 

57. An internal combustion engine and exhaust treatment system for a vehicle 
as claimed in claim 55 wherein exhaust emissions generated by said engine at a 
substantially stoichiometric air fuel ratio and transmitted to said exhaust treatment 
system operate to purge NOx stored in said exhaust treatment system during said 
Euro III drive cycle. 



m 

m 
m 



58. An internal combustion engine 
^i^^as claimed In any one of claims 55 




and exhaust treatment system for a vehicle 
o 57 wherein the amount of hydrocarbons 
emitted by said engine to said exhaust treatment system over a Euro III drive 
cycle is no more than ten times the Euro III requirement. 
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59. An Internal combustion Engine and exhaust treatment system for a vehicle 
as claimed in any one of claimsSss to 58 wherein the amount of carbon monoxide 
emitted by said engine to said\exhaust treatment system over a Euro III drive 
cycle is no more than three times the Euro III requirement. 




60. An Internal combustion enbine and exhaust treatment system as claimed 
in any one of claims 55 to 59 wnerein selection of a substantially stoichiometric 
air fuel ratio is dependent at least m part on driver demand. 



61 . An internal combustion eng 
as claimed in any one of claims 51 i 
air fuel ratios, said electronic 
25% by mass or greater. 



e and exhaust treatment system for a vehicle 
to 60 wherein for substantially all of the lean 
controller operates said engine with EGR levels of 



62. An internal combustion engirie and exhaust treatment system for a vehicle 
as claimed in any one of claims 55 (to 61 wherein said engine is a direct injection 
engine. 



63. An internal combustion engine and exhaust treatment system for a vehicle 
as claimed in any one of claims 55 t4 62 wherein said engine is a duel fluid direct 
injection engine. 



64. An internal combustion engine for use with an exhaust treatment system 
having reversible NOx adsorbent capability, said engine having a fuel injection 
system which facilitates operation of said engine with a plurality of air fuel ratios in 
a range between lean and substantially stoichiometric and said engine having an 
electronic controller for controlling operation of said engine and for selecting said 
substantially stoichiometric air fuel ratio to purge NOx stored in said exhaust 
treatment system, wherein exhaust emissions generated by said engine when 
operated with a substantially stoichiometric air fuel ratio and transmitted to said 
exhaust treatment system operate to purge NOx stored in said exhaust treatment 
system during a Euro III drive cycle. 
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65. An internal combustion engine as claimed claim 64 wherein exhaust 
emissions generated by said engine at a substantially stoichiometric air fuel ratio 
and transmitted to said exhaust treatment system operate to purge NOx stored in 
said exhaust treatment system during a Euro IV drive cycle. 



66. An internal combustion 
selection of said substantially 
of the amount of NOx stored or 
system. 



ngine as claimed in claim 64 or 65 wherein the 
sioichiometric air fuel ratio is effected independent 
calculated to be stored |n said exhaust treatment 



67. An internal combustion engine as claimed in claim 64 to 66 wherein the 



amount of NOx emitted by said 



68. An interna! combustion e 



engine to said exhaust treatment system during 



said Euro III drive cycle are no nr ore than four times the Euro III requirement. 



igine as claimed in any one of claims 64 to 66 



wherein the amount of NOx emitted by said engine to said exhaust treatment 



system during said Euro III drive 
requirement. 



69. An internal combustion erjigine 
wherein the amount of carbon 
treatment system during said 
Euro III requirement. 



Euio 



cycle are no more than three times the Euro III 



as claimed in any one of claims 64 to 68 
nn(onoxide emitted by said engine to said exhaust 
III drive cycle is no more than three times the 



70. An internal combustion engine as claimed in any one of claims 64 to 69 
wherein the amount of hydrocarbons emitted by said engine to said exhaust 
treatment system during said Euro! Ill drive cycle is no more than ten times the 
Euro III requirement. 



71. An internal combustion engine as claimed in any one of claims 64 to 70 
wherein for substantially all of the lean air fuel ratios, said engine operates with 
EGR levels of 25% by mass or greater. 
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72. An Internal combustion 
wherein said electronic controller 
as a cumulative measure of 
system. 



er]igine as claimed in any one of claims 64 to 71 
selects said stoichiometric air fuel ratio at least 
emissions transmitted to the exhaust treatment 



73. An internal combustion engine as claimed in claim 72 wherein said 
cumulative measure is determined from engine operating conditions over a 
predetermined period of time. 

74. An internal combustion engine as claimed in claim 73 wherein said 
operating conditions is at least one of engine speed and / or engine load. 



v>| 75. An internal combustion erraine as claimed in any one of claims 73 or 74 
I wherein said predetermined perrpd of time is elapsed time since said engine 
operated with a stoichiometric air mjel ratio. 



76. An internal combustion engine as claimed in claim 75 wherein said 
predetermined period of time is elapsed time since said engine operate with a 
stoichiometric air fuel ratio for a period sufficient to substantially purge said 
catalyst of stored NOx. 




77. An internal combustion [engine as claimed in any one of claim 72 to 76 
wherein said cumulative measure is an estimate based on emission levels 
emitted at each selected air fuel! ratio. 

78. An internal combustion engine as claimed in any one of claims 72 to 77 
wherein said cumulative measure is based on the amount of time said engine 
was operated at each selected air fuel ratio. 

79. An internal combustion er gine as claimed in any one of claims 72 to 78 



wherein said stoichiometric air 



regenerate said exhaust treatrlent system from stored NOx and wherein 



uel ratio is selected for a period sufficient to 



A?.1E.\'DED SHEET 

!P£A/AU 



PCT/AUOO/01064 
j^p|Received 17 October 2001 



31 



subsequent to said period sufficient to regenerate said exhaust treatment system 
said electronic controller selects ]an air fuel ratio dependent on prevailing engine 
conditions. 

80. An internal combustion enbine as claimed in any one of claims 64 to 71 
wherein said electronic controller selects said stoichiometric air fuel ratio in 
response to a sensing means op jratively arranged with respect to the exhaust 
treatment system which is able tc provide an indication on the amount of NOx 
stored therein. I 



81. An internal combustion engine as claimed in claim 80 wherein said 
electronic controller only selects said stoichiometric air fuel ratio in response to a 
signal from said sensing means that purging of NOx from the exhaust treatment 
system is required. 



82. An internal combustion engine as claimed in claims 80 or 81 wherein said 
selection of said stoichiometric\air fuel ratio by the electronic controller to effect 




purging of NOx from the exha 



jst treatment system is also dependent on the 



wherein said engine is a direct ir 



volume of a catalyst in the exhai ist treatment system 



83. An internal combustion eigine as claimed in any one of claims 64 to 82 



ection engine. 



84. An internal combustion engine as claimed in any one of claims 64 to 83 
wherein said engine is a dual f\um direct injection engine. 



85. An internal combustion engine and exhaust treatment system for use in a 
vehicle, said exhaust treatment system comprising at least one catalyst having 
three way conversion capability and NOx storage capability, wherein the amount 
of NOx emitted by said engine to said exhaust treatment system over a Euro III 
drive cycle is no more than four times the Euro III requirement whereby said 
exhaust treatment system has emissions of NOx, carbon monoxide and 
hydrocarbons less than said Euro III requirement over said Euro III drive cycle. 
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and the volume of the catalyst is less than 150% of the swept volume of said 
engine. 

86. An intemal combustion engine and exhaust treatment system for a vehicle 
as claimed in claim 85 wherein said catalyst has substantially two zones, a first of 
which has said three way conversion capability and a second of which has at 
least said NOx storage capability 

87. An internal combustion engine and exhaust treatment system for a vehicle 
as claimed in claim 86 wherein said second zone of said catalyst has three way 
conversion capability in addition to said NOx storage capability. 

88. An internal combustion engine and exhaust treatment system for a vehicle 
as claimed in claim 86 wherein said first zone is located so as to received exhaust 
emissions from said engine before said second zone. 

89. An internal combustion engine and exhaust treatment system for a vehicle 
as claimed in any one of claims 85 to 88 wherein said exhaust treatment system 

as a single canister for locating said at least one catalyst, said canister located 
remotely from an exhaust port \of said engine and not within an engine 
compartment in which the engine islinstalled. 

90. An internal combustion engine and exhaust treatment system for a vehicle 
as claimed in claim 89 wherein single canister is located in an underbody location 
and has dimensions of less than 150% of the swept volume of the engine. 



91. An internal combustion en 



... „ J 



line and exhaust treatment system for a vehicle 



claimed in any one of claims 8i3 to 90 wherein exhaust emissions generated by 
said engine when operated witli a substantially stoichiometric air fuel ratio 
operate to purge NOx stored in s^id exhaust treatment system during said Euro 
III drive cycle. 



AMENDED SHEET 
IFEA/AU 



PCT/AUOO/01064 
Received 17 October 2001 



33 



92. An internal combustion ehgine and exhaust treatment system for a vehicle 



as claimed In any one of claims 



85 to 91 wherein the amount of carbon monoxide 



cycle Is no more than three time 



emitted by said engine to said ^xhaust treatment system over said Euro III drive 



the Euro III requirement. 



93. An internal combustion enolne and exhaust treatment system for a vehicle 
as claimed In any one of claims 85 to 92 wherein the amount of hydrocarbons 
emitted by said engine to said ex laust treatment system over said Euro III drive 
cycle Is no more than ten times the > Euro III requirement. 



94. An internal combustion eng 
as claimed In any one of claims 8 



more than three times the Euro III 



95. An Internal combustion eng 



ne and exhaust treatment system for a vehicle 
5 to 93 wherein the amount of NOx emitted by 



said engine to said exhaust treatment system over said Euro III drive cycle Is ho 



equlrement. 



ine and exhaust treatment system for a vehicle 
as claimed In any one of claims 85 to 94 wherein for substantially all of the lean 
air fuel ratios, said engine operate: s with EGR levels of 25% by mass or greater. 



96. An internal combustion eng 
as claimed In any one of claims 
heated by a light off strategy. 



ne and exhaust treatment system for a vehicle 
85 to 95 wherein In operation said catalyst Is 



97. An internal combustion engine and exhaust treatment system for a vehicle 
as claimed In claim 96 wherein said light off strategy comprises late combustion 
of fuel whilst an exhaust port of said engine is open whereby said catalyst 
receives exhaust emissions of an elevated temperature. 



98. An Internal combustion engine and exhaust treatment system for a vehicle 
as claimed In claim 97 wherein late combustion of fuel comprises a quantity of 
fuel In addition to a quantity required for operation of said engine Independent of 
said light off strategy. 
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99. An internal combustion 
as claimed in any one of claim! ; 
engine. 



^ngine and exhaust treatment system for a vehicle 
85 to 98 wherein said engine is a direct injection 



100. An internal combustion 
as claimed in any one of claims 
injection engine. 



ine and exhaust treatment system for a vehicle 
85 to 99 wherein said engine is a dual fluid direct 



m 
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